SUMMARY Electron microscopic and statistical analyses of 66 right ventricular biopsies from 48 patients were undertaken to investigate whether quantitative differences exist between those patients with "ordinary" myocardial hypertrophy and those suffering from a form of cardiomyopathy.
microscopic changes and their relation to hemodynamic variables and length of history can be used to evaluate prognosis.
Material and Methods

Biopsy Material
Three hundred sixty-one biopsies from 201 patients with a primary clinical diagnosis of cardiomyopathy formed the basis of this morphologic and morphometric study of endomyocardial biopsies in cardiomyopathy. Cardiomyopathy was defined and diagnosed according to Goodwin and Oakley. 12 13 The initial diagnosis of cardiomyopathy could not be maintained in all patients during the follow-up period.
Biopsies were obtained by means of the KonnoSakakibaral4' 15 or King's bioptome,l6 usually from the right ventricle. Samples of sufficient size were bisected, one portion for light microscopy and the other for electron microscopy.
Fifty-six cases were selected according to the following criteria. (1) An established histologic description of "ordinary" hypertrophy or cardiomyopathy. Cardiomyopathy includes hypertrophic cardiomyopathy (HOCM) or a condition in which the morphology is compatible with clinical congestive cardiomyopathy (COCM), i.e., hypertrophy of muscle fibers with foci of attenuation and increased prominence of smooth muscle cells within the endocardium. (2) An established clinical diagnosis with information on the subsequent course of the patient. (3) Suitable tissue for electron microscopic investigation evaluated by VOL 63, No 6, JUNE 1981 avoid bias in the subsequent analysis of the material. Eight patients were excluded because the technical quality of the micrographs did not permit proper examination. The material available for analysis consisted of 66 right ventricular tissue blocks from 48 patients - 38 males with a mean age of 45.6 years (range years) and 10 females with a mean age of 43 years (range 35-64 years).
Fixation, Embedding and Impregnation
Immediately after removal from the heart, the sample was placed in a drop of fixative, 3% sodium cacodylate-buffered glutaraldehyde at a temperature of 4°C. Cubes less than 1 mm3 were chopped and the available material was collected into a Pasteur pipette and expelled into a sealable jar containing fixative.
The fixative was replaced by buffered sucrose washing solution after 1 hour (4°C, pH 7.4). The material was then postfixed in 1% osmium-tetroxide, processed by standard techniques and embedded in epon.'7 Sections were cut on a Porter Blum MTI ultramicrotome; 1-gm-thick sections were stained with alkaline toluidine blue for selection purposes. Ultrathin sections approximately 50 mm thick were mounted on copper grids of 300 mesh and stained with uranyl acetate and lead citrate.
We attempted to cut sections with a predominantly longitudinal arrangement of myocardial fibers.
Electron Microscopy
The examination was carried out on a Philips EM 301 electron microscope. Every section from each case was viewed and four or more areas were photographed. Randomization in photography was not complete, as areas predominantly affected by artifactual changes were excluded. We decided that an area should be excluded if three observers were in agreement. The entire area was photographed at a magnification of X 2200 and serial micrographs were subsequently taken at a magnification of X 5900-9800; higher magnification was used for specific details. On average, 4 
Results
Morphology
The frequency of the ultrastructural changes (figs. 1-4) assessed in this study is summarized in figure 5 . The three groups overlapped considerably. The crossover of sarcomeres was the only finding that differentiated HOCM from COCM and "ordinary" hypertrophy, but was not confined to HOCM and was not always present in this condition. The average score was 2 (two to four foci per section) in four patients with HOCM in whom crossover was present, com- 
Reproducibility of Electron Microscopic Evaluation
The semiquantitative scoring of the electron microscopic appearance was analyzed by comparisons between investigators. The specimens were assessed by three observers using the electron microscope. Weeks later, two observers first scored the micrographs independently and then evaluated the micrographs together and produced a common score. When these results were subjected to two-way analysis of variance, no significant difference was found. is not always present in this condition.9' 10, 29 In our study, crossover was more frequent and more extensive in HOCM, but was not limited to and not always observed in this disorder. A light microscopy study showed that one or two biopsies are not always representative of the state of the rest of the myocardium and that at least five biopsies are necessary. 25 We have shown that the same condition applies to ultrastructural changes. It may be that the observed differences are fortuitous, as the studies cited were all based on fewer than five biopsies per patient, usually varying between one and three.
So far, we have discussed the results of histologic grouping of the patients. We also grouped the patients according to final clinical diagnosis (i.e., HOCM, COCM and "noncardiomyopathy"). Statistical analysis showed that the results were similar to those obtained by histologic grouping.
Investigations of endomyocardial biopsies have shown that the problem of artifacts is very real. Some years ago, Sonnenblick interpreted contraction bands as a pathologic process of the heart muscle. 35 We found focal contraction bands in more than 80% of the patients. This common finding, which is also found in biopsies from normal hearts,36 strongly suggests that trauma is the underlying cause in the majority of cases.
Several proposals to overcome contraction banding have been made; bench rest of the tissue9 and relaxation of the sample in KC137 or procainamide solutions (Petitier H: unpublished data) have been tried without success. MacKay et al. 38 reported excellent effects of a 5-minute prefixation period in ice-cold 1% paraformaldehyde/0.2 M sucrose in phosphate buffer, pH 7.4. Cristolysis of mitochondria, denoting degenerative changes of these organelles and, consequently, the cell, is often reported. One can argue, however, that swelling and apparent loss of cristae represent normal stages in the life cycle of normal mitochondria, and that degeneration is only present when the membrane is dissolved.39 Cristolysis was present at least focally in every biopsy sample we studied. This mechanism and noxic (hypoxic) changes inflicted during and after biopsy are the more likely causes of these changes.
Artifactual changes cannot be eliminated, and awareness of their occurrence is essential. If samples are subjected to identical procedures and features not likely to be affected artifactually, such as mitochondriosis, fiber crossover and the degree of hypertrophy, are given higher priority, the effect of these changes can be reduced to a tolerable minimum. Our biopsy material was rarely spoiled by artifacts. We therefore do not share the pessimism of Eckner et al. 40 and Olmesdahl et al. 41 regarding the problem of bioptome-induced artifacts in the interpretation of endomyocardial biopsy.
No relationship between morphologic changes and functional status or prognosis has been convincingly demonstrated. Therefore, electron microscopic examination should be used only as an adjunct to other morphologic studies.
